It is now common knowledge that both "Nature" and "Nurture" determine animal behavior. But even as late as the 1970s, the concept that genes have anything to do with behavior was not universally accepted. In the face of such skepticism, Seymour Benzer, working tirelessly at Caltech, refused to join the philosophical debate and, in the way so familiar to those who knew him, shrugged his shoulders and said plainly, "Let the science speak for itself." With characteristic simplicity, he argued that by holding the environment constant one could generate single-gene mutations disrupting complex behaviors, such as learning and memory, and thereby uncover their molecular basis. If that wasn't chutzpah enough, he proposed that these answers could come from studying the fruit fly, Drosophila melanogaster.
"Let the science speak for itself" is a mantra that celebrates the life of Seymour Benzer, who passed away at the age of 86 on November 30, 2007 ( Figure 1 ). Seymour is survived by his wife, Carol Miller, his son, Alexander, and his step-sons, Renny and Douglas Feldman. Seymour was married to Dorothy "Dotty" Vlosky from 1942 until her death in 1978 and, from this marriage, is survived by two daughters, Barbara Freidin and Martha Goldberg, and four grandchildren.
Seymour began his studies on fly behavior in the late 1960s with a clever adaptation of a chemical assay, the counter current separation technique, to isolate mutants with specific behavioral deficits resulting in abnormalities in the response to light. In these early screens, he isolated fly mutants with defects in the phototransduction pathway, as well as flies with easily induced seizures caused by the reiterative banging at each round of separation in the rudimentary counter current assay apparatus that Seymour built. These and other simple assays ultimately led, through the work of many, to the molecular dissection of phototransduction pathways and the cloning and characterization of ion channels. Fang Wu and Barry Ganetzky. Thus, it became clear that fly genetics provided a powerful way to identify the nuts and bolts of neuronal function.
The identification of the period (per) fly mutant in 1971 by then graduate student Ron Konopka was instrumental in demonstrating the potential of flies to unlock the secrets of behavior. Indeed, it validated Seymour's view that complex behavior could be dissected through singlegene mutations. Fly per mutants display defects in circadian locomotor and eclosion activities. Later cloning by former Benzer postdoc Jeff Hall with Michael Rosbash and independently by Michael Young opened up the molecular dissection of circadian rhythms. Underscoring the remarkable evolutionary conservation of behavioral genes, mutations in a human homolog of the per gene lead to similar disruptions in human circadian behavior. Some of the Benzer alumnae currently in the field of neurogenetics ( Figure 1 ) emerged from Seymour's laboratory during this period of intensely original research that included the study of learning and memory and courtship behavior.
Seymour was known for the many phases of his scientific life. Fame came first during his early days as a physicist at Purdue University in the early 1940s. During World War II, it became important to reinvent devices that ran on semiconductor technology, which had been shelved in favor of the vacuum tube. In particular, the development of Radar required the creation of diodes or rectifiers that would allow current to flow in only one direction but would not suffer "burn outs" upon a surge of current going the wrong way. Working as a graduate student in the laboratory of Karl Lark-Horovitz, Seymour found that Germanium crystals doped with just the right trace of Tin were perfect for constructing highperformance rectifiers. This discovery laid the foundation for the semiconductor industry and the eventual use of Germanium in the first transistor developed by Bell laboratories. Seymour's early success was astonishing. Some apparently felt this was accidental. But in a life brimming with such "accidents," we think it was more likely the result of an indefatigable passion for following up every observation to fully explore its potential importance. Indeed, this was the same man who 60 years later fed fruit flies Lorenzo's oil, based on the 1993 movie of the same name, to partially cure them of a neural degeneration defect that resembled the disease adrenoleukodystrophy.
Seymour traced his interest in biology to the microscope he received from his parents at age 13 on the occasion of his Bar Mitzvah. His interest in biology resurfaced as he made the unlikely transition from a promising career in physics to the nascent field of phage genetics. Years later, Seymour fondly talked about the Phage course at Cold Spring Harbor in 1948 and his postdoctoral studies with Max Delbruck at Caltech from 1949-1951. The crowning glory of this phase of Seymour's accomplishments was the fine structure mapping of the gene. Work by C.P. Oliver, on the lozenge locus of Drosophila, had already suggested that it might be possible to break the genetic "functional beads" on the chromosomal "string." However, to analyze this further, it was important to observe very large numbers of recombination events. Ingeniously choosing the rII locus of the T4 phage, which when mutated gives rise to the "rapid lysis" phenotype, Seymour successfully analyzed extremely large numbers of intragenic recombinants in the early 1950s. While the number of events would have allowed much finer mapping, a theoretical limit of 0.01% wild-type recombinants was found. This minimal unit, which Seymour called a "recon," in modern terms approximately corresponds to the three base pairs of the codon. It is generally acknowledged that these studies gave rise to our modern concept of the gene. Seymour made other contributions in the early years of molecular biology including an important series of experiments on tRNA and the genetic code. But Seymour became restless; he was looking for something new and different.
Like other pioneers of molecular biology, most notably Sydney Brenner, Seymour became captivated by the notion that genetics could crack the mysteries of the brain and behavior. In 1965, Seymour returned to Caltech as a visiting associate with the neurobiologist Roger Sperry. He left all his phage stocks at Purdue and never returned. The weather was too cold to go back, he said.
Major discoveries in neural development, age-related degeneration, and aging highlight the last phase of Seymour's scientific life. Seymour and graduate student Don Ready established that there is no strict cell lineage relationship between cells in the fly eye and posited that the fate of a cell is determined through interactions with its neighbors. The key to uncovering the language used for this communication came from fly mutants such as sevenless that specifically lack the R7 photoreceptor cell. The study of sevenless in the late 1980s by Seymour's lab and Gerry Rubin at Berkeley provided some of the earliest insights into the nature of the cellular interactions regulating cell fate determination. Most importantly, R7 rapidly became a powerful system for dissecting the mechanisms of receptor tyrosine kinase and Ras signaling pathways providing important insights into biochemical pathways involved in development and their dysregulation in cancer cells.
When we were postdocs with Seymour in the mid-to-late 1980s, he used to assert that he always followed Delbruck's advice in publishing very few (albeit exceptional) papers. In 1992, Seymour was "promoted" to the "active emeritus" status at Caltech and it seems retirement made him forget his own sage advice. A simple PubMed search tells us that between the ages of 71 and 86, he was an author on 49 (clearly exceptional) publications! The quality and creativity of this work remained its most distinguishing features. During this period, Seymour concentrated on studies of neural degeneration and aging. His laboratory discovered a new aging gene, called methuselah, and a potpourri of neural degenera-tion mutants. He devised fly model systems for human neurodegenerative diseases. Seymour also discovered that the painless gene encodes a receptor for temperature and wasabi taste sensation, thereby merging his passion for science and sushi.
Many of us who worked with Seymour learned that his genuine love of discovery and boundless curiosity were fearlessly displayed when we had the pleasure of sharing a meal with him. Upon entering a restaurant, frequently with a twinkle in his eye and possibly to the embarrassment of those with him, Seymour would typically walk around and closely inspect what everyone else was eating. After being fully satisfied with his knowledge of every item on and off the menu, he would proceed to place one copy of the menu on his chair, in case of an emergency need to order more during the meal, and then would sit down comfortably on top of it. Thanks to Seymour, we have eaten representatives of most phyla on earth: waterbugs, sea worms, scorpions, and snakes are but a few examples. We are unable to confirm Francois Jacob's written statement that Seymour brought in crocodile tails to sear on a Bunsen burner in the lab they shared at the Institut Pasteur in 1952. But we have seen, with our own eyes, his placing an entire cow tongue in the laboratory microwave soon after our scientific interrogation of the nature of its taste buds was over. What is less well known is that Seymour possessed a professional level knowledge of the culinary arts. He cultivated friendships with famed food critics, and he was the one to be able to smell fenugreek aroma in a curry when others may never have heard of the spice. This is the secret to Seymour's success. What most of us appreciate peripherally and move on from, he would energetically go to endless depths to understand. Then, with his curiosity satiated, he would move on to other vistas, much to the frustrated amazement of bystanders, who would wonder why he would not stay on a little bit longer to collect every drop of the appreciation that they had to offer him for his efforts.
Each one of us who had the great honor of working with Seymour learned to appreciate how much his personal qualities-his genuine inquisitiveness and refusal to bend to the conventional-informed his life both in and outside of the laboratory. On the one hand, Seymour was a creature of habit known to measure out the exact number of milliliters of water from a Pyrex beaker each morning to make his oatmeal. Yet, on the other hand, he seemed to have a tireless enthusiasm for exploring what was different from the norm, what was strange, or what was new. With his characteristic loosely hung tie around his neck and signature lab coat with pockets filled with paper clips, cough drops, sticky notes, a small pair of scissors, and that all important emergency tea bag, Seymour could be found, day or night, in the lab well past midnight even into his eighties, determined to conquer new territories.
